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Dielectric properties of EPDM/Carbon black compounds
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Abstract - Influences of carbon black contents
on the tracking resistance, tané and dielectric
constant volume resistivity and dielectric
strength of EPDM compounds before and after
a exposure to UV radiation were investigated.
Carbon black content up to 1.5 phr have a
positive effect to improve the resistance to
tracking and erosion, since carbon black
diminish the leakage current. Results from the
study reveal that both tand and dielectric
constant volume resistivity and dielectric
strength are unaffected by adding of carbon
black up to 2.0 phr and carbon black have a
significant effect to suppress the photo-
degradation of EPDM compounds.
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EPDM< DupontAte] Nordel 10402 At&stgm
o71el FH7 AN alumina trihydrate (ATH) 100
phr#t &9 oil, wax, zinc-stearate 59 7}&Ale}
FHEEY & v ged 29 dicumyl peroxide (DCP)E
AbRste mabstE AdEgg. stREde SRF
N774 blackg AH&3d2e9 0, 0.5, 1.0, 2.0 phr
zzt A7reted A8 E Az

Zt Al8¥ 8 inch two-roll milldld ASTM D
3568 F3to] &3] £BF ¥ laboratory heating
pressZ 170TCeA 10¥3 Agsiged, 7144 §A4
Alge 2 m, #3454 £ AL NEe 1 m, EH
7 ARE 6 m FAL #HYoz 74z} A zdto A
AL-&-8td ot

2.2 JIAIH, ®IIH 54

AR} =9 AAE&L Instron model 43028 A48}
o} ASTM D 638 &£3td EAFsigorn EfAdAdL
IEC 5879 ZAAAPo g 4.5 kVe] AT M-S
el7}sbEd Al NH4Cl 0.1% 9 Triton X-100 0.02% 9]
24948 0.6 M/min® £x2 FAFu 4.

EQZ AEA 60 na o1 HAF/E 2& o) =W
327t AGHEE st EgA HAAR JEoR I}
go9 8 channel A/D converter®} 586PCE& €972
3t Ad AlF F 3A7F o FAHFFE AESAT
Tand & ¥4 &2 Tettex At schering bridge,
A& L Hewlett-PackardAlel HIAXNIAE AlE
3t ASTM D 1509 &3l &F 3o}
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A d3sle]l dig WEAHYE Hrlelrl 9Eo
Q-Panelrle] Q-UVE Al&3td ASTM G 53¢ &3
A3 Yy, FYoe2E Y% UV-B lampE A}
£33 2en 60C UV/6AI1ZE, 50T condensation/24]
& 1 cycleZ 8t d&o0=2 200043 7H&E e
a4t

Table 1. Sample identification of the presented
EPDM compounds

Sample identification
Carbon black 2 000 h
tent (phr) irei :
content ip Virgin weathered
0 CB-0 WCB-0
0.5 CB-0.5 WCB-0.5
1.0 CB-1.0 WCB-1.0
1.5 CB-1.5 WCB-1.5
2.0 CB-2.0 WCB-2.0
3. o 9 @
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o Antyez g WFH4E NG B L9
A glevd(1l) A=A =T AAM HASAH ¥HA
Y& M2z B d9dMe 9400t vlay &
SRF N774 black$ Adgaigc.

% Nae 7h4ds A, 2 47 A=, A3E,
WHEHNAG, tand, WFHFE& SEM A& #3444 7}
2Ed %] =2 EPDM A#d=e HE54 2 W
44 #Hrtetot.
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del Agse 9474E 2 4489 WsE ey
Table 29 vrebigict. FA2E ] Hrlo upe} A7
T 2 AREE 2 HolE HolR gyey 2.000A%
g3 F HHEEY gF Fvld gl | &l Frlstd
2.0 phr A EE V1AH B4og Hol A9 d3iy
A gy dg BdogA slEgdgel drte Wi
3A FAHE AL U

Table 2. Mechanical properties of EPDM before
and after weathering of 2,000 h

Carbon blackTTensile strength (kg/cr) | Elongation at break (%)
content Virgin | Weathered Virgin Weathered
(phr) (CB) | (WCB) (CB) (WCB)
0 77.0 | 60.8 (79%) 270 216 (80%)
0.5 77.0 | 60.8 (79%) 276 229 (83%)
1.0 80.6 | 68.5 (85%) 262 238 (91%)
1.5 78.2 | 73.5 (94%) 263 252 (96%)
2.0 80.4 ;84.4 (105%)| 260 255 (98%)
3.2 dieizld
2EA AEANEIT SejolM ARE o e£ 8] £
oz wase E47 942 olAshe o Fasd
webd FHEEYe] Hotg FEAe]l FriE0 wE UE

A3 L Brisly] fsted IEC 5870 £33t 4.5 kV
AgelA 641 Bt AFstEch. Ege] w7
219l Azt 233 3 JEHAZS FFHos s
71 8t Ad A, Fo FATLEE A4 (erosion)

B %E 3o 1 A%E Table 3¢ VERhiATH

Table 3. Resistance to tracking and erosion
before and after 2,000 h weathering in
fluorescent UV-B lamp

Before weathering After weathering

Sample Erosion | Sample Erosion

Tracking | (weight Tracking | (weight

loss, %) loss. %)
CB-0 }no tracking, 2.2 WCB-0 |no tracking| 2.1
CB-0.5 " 1.3 | WCB-05 " 1.4
CB-1.0 ” 0.8 || WCB-1.0 ” 0.9
CB-1.5 " 0.3 | WCB-1.5 “ 0.3
CB-2.0 | tracking - WCB-2.0} tracking -

AYAT 7HEEY 1.5 phr A7MAAE 64T BT E
PAel A Fgke™ 2.0 phr NEE AEAR F
o 1Azt EdfAo] R d¥E FHIAG. A
€943y Aae Y E4& vehiiien 2,0004
A9 H&dste JEHAYN & 9%E viAA @
AL gt # 472 FuiE¥ AL 1.5 phrt
Aol stEEde] FA72 238 erosiond HA TAY
the Aeltt o AL #Hr] fstd ERA 43
Zo ¥4AHE F¥ed 2 AIAE Fig. 19 vehd
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Fig. 1. Leakage current record of the samples
during tracking test {after 3 h) before
weathering

addM FHEEY] HyHA %L CB-0 Alge 2
2 30 AS FALE 40 mA 7HAle FEARE AE&H
deon o 20 mao) WS EE ZE B FHHAR
7} zExn gld. wide] FAEEYe] 1.5 phr H7ME
CB-1.5 A18¥ 30 mE F422 W 35 mzx9
FHAAFI AE2Eden] HHER o} FHAAFI 7
detA ZEoRM EHF AFA EERWAY gl
CB-0 B2t} g4 H&& It

o&E Frld 9§ FAAFe] HYor FANR
HHo] FRAoz AxHol ArF 2E#HA7 AFH
o] 2ol ARE AAHANIz E3FHE Ao EfA
w7 7S AE st (5] AeEde Hrlz A
BEYHo] 7te] MxAE HA Han B Azl
E7 A4 JAY A& g3 vay 43
FERAF/ 5803 3AE £ UG, ol EYRA AE
29 erosiondd Z8ZAI (Table % & Y&
t}, %, 1.5 phrtxe] stEEEE ¥ Ha &
Ag ofe] FHAFI Ty BwAC] A4AHY A8
FHo) o] ZAasteE AL .
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Fig. 2. Leakage current record of the samples
during tracking test (after 3 h) after
weathering of 2,000 h

EY 22 AR5 O 593 Fo Elfn &
Fig. 2] Yehidt. slE8de]  Hrisx
WCB-09] 4% d3tdec Hd FAHAA{FE 97}
o HAel i AoldM AL U
e RES BA ole ABEHo A3l o)
ol A447] (OH)E #goz FgA4o] 27187
ez BUd(6). WCB-1.5 A 89 A% 7t&g
3 Folz WCB-0ET He ¥HAF7 HF2=oh
2.0 phr #7}8 CB-2.0 A&7} 4.5 kV AgM A
O Edtzm 1Akl Edfle] g Re ARBY
9 AxHoz VR g2 U9 FHAEs &8 B2y
Ao g M7 SI=U7] g Folvh maA o=H
28] FhEEYe HOHE dFd ALd HAGsco:
1.5 phr)e WENHA L W erosion &l 3A ©
o] g A& 4o

X e ol &2 o
otlo S do o

3.4 HAEH
BAAGAM 7lEH oz aTHE B4 AAAPE,
HAINZE, tand Z HRKAL uXE FHREY
A7tEFRE 4] A8t 2 Agd dEte st&dE A,
%ol &3 & HAsgt. Table 3o AAANGS 2 F
A2 E AHE Jehidc

HAXMAE B AFA 4128 EPDM compound
Me 7HEEY 2.0 phriAl el A7te ARAGe 2
A Ee] 2 AIE v)AA FE Aoz DU,
= FHEEYe] Al WEAE AzIcE AR
S4%steke 28 2,000/ 7t&gs FoE =%
¥ 232 el

Table 3. Volume resistivity and dielectric
strength of EPDM before and after
2,000 h weathering in fluorescent

UV-B lamp
Sample Volume resistivity | Dielectric strength
(2-cm) (kV/umm)

CB-0 2.1x10" 212
CB-05 3.4x10% 216
CB-1.0 3.9x10° 26.1
CB-15 24x10° 26.3
CB-2.0 2.8x10" 26.2
WCB-0 1.9x10° . 238
WCB-0.5 52x10% 271
WCB-1.0 3.8x10"° 26.4
WCB-15 6.3x10" 266
WCB-2.0 3.1x10% 26.2

ol xejd 7M&d3lyt EPDM ERY 43AY
Alg F7 A (1 m)de ZA 9L nA g7)
HEolgtn AztEch F, ARZE L APLL G4
ng stue] Ay FRY oMY g Ed F2EYA
2 AFAGE 2 dadgygdEe i o8 4%
A e ARUEY E4o] UelUE Aot}

FAEA el Aste £33 data® Table 490 Y
12 iF 3=

Table 4. Tand and dielectric constant of EPDM
before and after 2,000 h weathering in
fluorescent UV~-B lamp

Sample Tan ¢ Dielectric constant
CB-0 0.0030 3.201
CB-0.5 0.0031 3.174
CB-1.0 0.0030 3.247
CB-1.5 0.0031 3.314
CB-2.0 0.0032 3.268
WCB-0 0.0051 3.224
WCB-0.5 0.0048 3.210
WCB-1.0 0.0050 3.245
WCB-1.5 0.0055 3.305
WCB-2.0 0.0042 3.296

& A9 dTE O g} spEdE A=
9 ZS$ tand @& 49 ZUIE Jehded HlH
AEE 2 A3t Y. Tand 3ol 713 AL 7}
%489 humidity cycle T FANMAZ ALF
ATHS &% 2 9jdx ibko 9oz A|gFHol
AsEEA A5 T F71ElY) wRelatn BP
2o (7).
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3.5 SEM n#

FFEEY 3o WE JIE5E 3o EEARS
SEME AH&stgl ey 2R HreA ¢
1.5 phr ¥718 N &9 SEM A€ Fig. 3% 4
zZt eIt 2,000412F €8 F o= Algd] thal
= BAGEL #2HA %9&2“1 WCB-0 A2 #Y
of €3t AgHol wlag FiFel BFHIULY
WCB-1.5 Alge A9 %1“-'4517‘] 2e AE ¢ F AN
.
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Fig. 4. SEM photograph of the WCB-~1.5 sample

4.2 B
1.5 phr7tAel 71289 (SRF N774)9 #/tz

EPDM #Hug=o YENRZAAHAIA derosione] ZA
FAHJ o ol ARET] G AxFE FA
o] & o wAR R FA AA HFTEAE
o] g3ty WEor Wz X8 2.0 phr7hx g
FHEEY HA2Re FEEAN A¥ARE € ddsny
dEele & JYE vAA gon FEEY HrF
F7tel wet JEAGo] A AU

B Ao e dedd 43 rte g8 44 AHEE
Aolaf wagsly) ol 7HEF AT HEHHG AJdw
Y (IEC 587)% A1g3gonz BB #Hud
EPDM Hugze UedE g FUstA Hrley
A e ALY &g 45FAE (ASTM D
2132) 59 H$Ho g AFrt A& APsojor & Ao
2 gddyg,
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